Abstract
Introduction
In any software provision model apart from that of the sole contractor, the scale and complexity of many software development activities mean that they are necessarily undertaken by teams rather than individuals. Interactions among the various stakeholders involved have the potential to make or break a project, a portfolio of work, and even perhaps the software organization itself. Incompatibilities among the members of the team in terms of their personalities may compromise team effectiveness; similarly, a team made up of highly compatible individuals may function extremely well as a group. Therefore, efforts to consider the optimum mix of personality types in a software development team have the potential to bring benefits in terms of maximizing productivity and improving the likelihood that delivery will occur in a timely and cost-effective manner, to the satisfaction of all stakeholders.
In the context of agile software development the need to consider personality types in team formation may be even more pronounced. This is due to the fact that agile teams tend to explicitly include user and/or customer representatives as well as a project facilitator in addition to the core development personnel. Furthermore, team structures tend to be rather more fluid in agile projects, forming, growing, shrinking and disbanding as particular skill needs arise or are dealt with. The higher number and greater diversity of individuals involved, combined with the less rigid nature of their involvement, may increase the incidence of personnel incompatibilities and, therefore, the potential for conflict.
With the above in mind it would seem beneficial to provide project managers with a form of systematic support for assessing the personalities, strengths and weaknesses of the population of individuals from whom their teams are constructed. To that end we have designed and embedded into a project management tool a set of functions to enable the collection, assessment and reporting of the personality traits of intended team members.
In the next section of the paper we consider the impact of personalities on the risks that can arise in agile software projects. We then describe the development and early evaluation of our prototype tool. Finally we draw conclusions from our work to date and describe our ongoing research in this domain.
Background research and related work
In this section we briefly consider background research addressing the psychology of personalities and teamwork and then consider this in relation to the development of software systems. 
Personality types
The discipline of psychology seeks in part to understand personality type and its influence on individuals' strengths and qualities, and their ability to communicate and form/sustain relationships in teams [1] [2] [3] . Additionally, some studies are concerned with the effect of the mix of personality types in groups, how personalities interact to influence team performance, and the impact of behavioral differences on teamwork; see, for example, the work of Belbin [4] and McCrae and Costa [5] .
These ideas have manifested themselves in a variety of personality assessment instruments. Myers [3] describe extroverts as often favoring interacting with people while introverts are complete by being alone. Sensing individuals prefer evidence that is factual or concrete whereas intuitive individuals favor exploration and alternative explanation. Thinking individuals are rational and favor formal methods of reasoning whereas feeling individuals focus their judgment on subjective values and their views. Judgers like pre-planning and order whereas perceivers live through adoption and spontaneous decision making. Several studies have demonstrated that these preferences influence the ways in which individuals interact in groups, and the validity and reliability of the MBTI instrument have been verified in studies reported by Carlson [6] , Johnson [7] and McCarley and Carskadon [8] .
Similarly, Keirsey [9] used the work of Carl Jung and Isabel Briggs Myers to develop a psychometric instrument to identify an individual's most dominant personality traits. Keirsey suggests that human personality belongs to one of sixteen variants (see www.keirsey.com for more information). Like Myers and McCaulley [3] , Keirsey asserts that an individual's dominant or preferred personality type exists among one of four major groupings. However, there are additional levels within each of these groupings in Keirsey's approach which further classify individuals to one of sixteen variants.
Role theories and teamwork
An extension of the personality type research in the psychology literature is found in Belbin's work [4] . Belbin conducted many studies in several countries to ascertain the particular human behaviors or attitudes that are essential for team success. Following several years of observation, Belbin found that most successful teams possess eight different functional roles: company worker, chairman, shaper, plant, resource investigator, monitor-evaluator, team worker, and completer-finisher (see Table 1 for details).
Belbin asserts that in successful teams, the eight roles described in Table 1 are performed by the team members. Though Belbin's findings differ slightly from previous role theories which linked individuals to one personality trait, his work built on the MBTI ideas, and also agrees that a person's interactions in a group are influenced by their personality trait. Among his findings he also reported that individuals who possess premium quality in one respect are often lacking in others, and that combining individuals with similar personality traits reduces performance. Thus, successful teams tend to be heterogeneous; normally possessing a balance of team members occupying all roles. Individuals can possess more than one personality preference, having a primary preference and other secondary preferences. Individuals are most comfortable when they are functioning in roles that match their natural preference. Interaction between different personalities without understanding and managing their differences can be a source of conflict.
During his studies on team roles Belbin developed a psychometric test called the Self-perception Inventory (SPI). The SPI is a questionnaire used as an indicator for determining an individual's personality preference. The test consists of seven sections with eight questions for each section. For each section individuals allocate a total of ten points based on how they feel about the questions. There exist several studies in the software development context that have considered the validity of Belbin's work; Beranek, Zuser and Grechenig [10] , Jones [11] and Rajendran [12] have all lent confirmation to Belbin's findings.
Personalities and roles in SE
The consideration of personalities, team formation and group dynamics in relation to software development, some of it assessing the role theories just described, has received ongoing [10] [11] [12] and recent attention [13] [14] [15] [16] . Indecisive-ness at moments of crisis.
CompleterFinisher
A capacity for follow-through, perfectionism.
A tendency to worry about small things. A reluctance to let go. [16] used the MBTI model to study 92 software developers from 20 software companies in Hong Kong, to verify whether personality type is linked to team performance, and to assess the effect of heterogeneity of personalities on team performance. Their findings confirm those of Myers and McCaulley [3] and Belbin [4] . They found that personality preference influences the way team members communicate and also has a significant impact on team output. Additionally, they found that the higher the heterogeneity of software teams, the higher their productivity levels are likely to be.
Gorla and Lam
Rajendran [12] employed the Belbin model for personality assessment when observing three software development teams. He found that both positive and negative qualities are associated with personality preferences. Rajendran also found that, through personality assessment, teams can be constructed to possess members with a mix of compatible personality traits, thereby reducing the risk of personality conflicts and enhancing the likelihood of success in team development tasks.
Previous studies, by Bradley and Hebert [17] and Faraj and Sproul [18] , also substantiate the Myers and McCaulley findings [3] . In a case study of two software teams, Bradley and Hebert found that team composition based on personality type influences team performance. They found that a united team is an important variable for team effectiveness and team success. Additionally, their findings indicated that the team with a balance of personality types performed better than the team that was homogenous. In a study involving 69 software development teams, Faraj and Sproul [18] also reported that managing personality traits has a significant positive impact on software development performance.
Studies by Beranek et al. [10] and Jones [11] in student developer settings also lend support for linking personalities to roles. Using Belbin's model, Beranek et al. reported that personalities associated with negative attitudes, such as a 'reluctance to share tasks' or 'being overly critical' created a negative impact on success. Beranek et al. found that such individuals pose a significant threat to the success of the team and other team members. Additionally, they observed that an individual's willingness to participate in group settings also plays an important role in successful team work. These findings are consistent with those of Jones [11] who reported that personality traits are significantly correlated with team cohesion, and team cohesion is a necessary ingredient for team success.
Risks, roles and agile development
Among the principles and activities recommended by the proponents of agile methods, communication and collaboration are heavily emphasized [19] . Given that agile methods are being increasingly adopted by software teams [20] it would seem important that the effectiveness of collaboration among team members is maximized, taking into account each member's personality traits, strengths and weaknesses [15] .
Chin [21] asserts that agile software development methodologies, especially XP, rely on practices that require experienced and versatile team players. Chin's work implies that any deviation from this -say, teams including too many of Belbin's Company Workers who lack versatility -introduces risks to software quality and delivery. In addition, documentation of the software development process in agile approaches is often replaced by close and constant collaboration among team members. However, De Souza et al. [22] and Nord and Tomayko [23] state that in large-scale projects documentation becomes necessary for project success, and that in such scenarios human interaction cannot entirely replace it. Similarly, Boehm and Turner [24] say that the loss of team players in agile teams (which could occur due to personality clashes) may result in the loss of tacit knowledge, which introduces further project risks.
Employee turnover is an inherent risk factor in all software projects. According to Highsmith [25] , the impact of turnover can be reduced through training and appropriate amounts of documentation. Williams and Kessler [26] assert that the agile practice of coupled teams facilitates knowledge sharing, which is likely to reduce the impact of employee turnover. The coupled team practice employed in agile project environments may also induce extensive tacit knowledge sharing, which may also reduce risks.
Highsmith [25] further contends that the risk of poor software development productivity arises from three sources: having an inefficient team, having a team that is not cohesive, and having a team with poor morale -all of which can arise due to clashes in personality or poor role assignment choices [17] . Several agile practices may potentially mitigate these risks. Highsmith explains that agile approaches of having the right people on the team, coaching the team and promoting team development all help to offset the risk of poor productivity. Further, some agile methodologies such as XP and SCRUM focus on short iterations, which Chin [21] suggests may also mitigate risks associated with poor productivity.
Personality clashes and poorly informed role assignments in agile projects threaten team cohesion and therefore represent a risk to project success [27] . Thus, assessing and managing team members' personalities should provide an opportunity to reduce such risk. The intent is to help managers to assemble software teams with a balance of personalities in terms of the types described briefly in the prior subsections. For example: examining Belbin's team roles shown in Table 1 , a project manager allocating staff to a novel project for a particularly innovative client might assign individuals possessing the Plant personality to the primary role of Programmer, whereas individuals possessing a dominant Completer-Finisher personality could function most effectively as Quality Assurance Specialists (QASs). The rationale for these allocations could be stated as follows: o Since the Plant role is linked to 'genius, imagination, intellect, and knowledge' personality traits, individuals occupying this role might be capable of generating rapid and innovative solutions to software problems, making them most suitable as programmers in this particular project. o On the other hand, the Completer-Finisher role is associated with 'a capacity to follow-through, perfectionism'. Thus, individuals occupying this role may pay attention to detail, unearthing errors, and ensuring software quality, functioning effectively as QASs. Of course, another project with different contextual parameters may demand a very different set of role assignments, and in agile projects re-assignment may need to take place during the development process. For instance, if progress becomes problematic and morale is threatened the project manager may call on those Team Workers in the group to take a more prominent leadership role.
In order for a project manager to make such decisions, however, a means of assessing individual personality traits is needed. To be used effectively in agile projects, any solution should be unobtrusive and should support the emergence and management of projects on an ongoing, rather than static, basis [28] .
Tool development and evaluation
In light of the above discussion we set out to develop a prototype project management tool component that could be utilized to assist those involved in agile software development to assess team members' personalities in a lightweight yet comprehensive manner. Ideally assessment would occur before team formation. The project manager then has the opportunity to assemble a team with the best mix of personality types for a given project.
Design, implementation and operation
While the use of tools in agile projects is not universally supported (as per the Agile Manifesto's principle of "Individual and interaction over processes and tools"), appropriate use of appropriate tools is acknowledged as adding value in terms of enhancing traceability of decision-making and ensuring that important information is not lost [20, 29] .
Note that we initially evaluated six existing software project management tools -both proprietary and open-source -that had been designed to support both planned and agile projects (ExtremePlanner, VersionOne, DevPlanner, Rally, AceProject and MS Project). None of the six incorporated any sort of capability in terms of assessing individuals' personalities.
We therefore designed and constructed a web-based tool called the Agile Social Risk Mitigation Tool, or ASRMT, which incorporated a component focused on personality trait assessment. Development followed an iterative, Feature-Driven process with early and ongoing prioritization of functionality. The tool was to be web-based in order to support the collaborative work of distributed agile teams. Our intent to rapidly produce a prototype in the first instance led to the selection of ASP.NET as the development framework and use of the Visual Basic language. Some JavaScript was also written in order to support user validation and an SQL database provided back-end functionality. Both the database and ASRMT front-end application were installed on a local server and were accessible via a web browser. Temporary user permissions were configured so that the scenario-based evaluation (described next) could be performed.
The tool is intended to support project portfolio and personnel management at the organizational level. Therefore whenever a new stakeholder is identified across the organization their profile details would be entered into ASRMT, irrespective of whether they are likely to initially fulfill developer, project manager, QAS or tester roles, or whether they are team members from the provider (software) or consumer (client) context. When each individual logs in for the first time they must undertake some housekeeping (i.e. confirm their details and change their password) and also complete the personality assessment.
The personality assessment component of the tool enables each individual to self-determine their dominant personality preferences, in this case using an early version of a popular psychometric assessment instrument (although any such instrument could be used). To complete the instrument individuals are required to answer a number of questions. When the survey is submitted, the user's two main personality preferences are fed back to them, along with an indication of their positive aspects. Perceived negative aspects of the personality types are not shown. The intent of this restriction is to discourage stakeholders from manipulating their answers in an effort to avoid appearing to have certain weaknesses.
Information regarding individuals' personality preferences is stored to be leveraged in project management decision making. Through assessment summaries such as that shown in Figure 1 , project managers are afforded the opportunity to assemble a balanced team with the right mix of personalities, taking into account team members' major strengths and weaknesses. In addition, through continued observation, project managers can also compare actual performance against the summary provided by ASRMT to make expert judgment regarding individuals' effectiveness in their given roles. This may lead to re-allocation of team members to roles during projects as needed, and in the longer term may inform decisions regarding subsequent professional development and/or training for team members.
Note that while personality assessment is the core functionality of interest here, ASRMT incorporates other capabilities intended to support agile software development. Through a remote interface, customers are able to initiate and track the development of system features, developers can use the tool to ensure that feature status is both up-to-date and visible to all involved, and managers can interrogate the system to review progress on their portfolio of projectsirrespective of stakeholder location.
Preliminary evaluation of ASRMT
While ultimately it would be beneficial to formally evaluate the ASRMT components in live project settings, this would be an appropriate exercise when the tool is fully developed. In its prototype form a more informal evaluation by knowledgeable and representative users would be more suitable. Such an approach would ideally provide insights into enhancements that could be made before the tool was deployed in live projects.
To that end the tool was informally tested by seven software engineers, specifically agile software developers with varying levels of development and project management experience. Each of the seven evaluators, who were all known to one of the authors but not the others, carried out a two-part scenariobased assessment. After being introduced to the tool and its aims, each evaluator tested ASRMT's functionality by following a number of steps, split roughly evenly across the roles of project manager, developer, and customer. In the second part of the evaluation each of the seven participants was asked to give feedback regarding their impressions of the tool and its likely usefulness in live projects. This was supported by the use of a previously validated usability instrument designed and tested by Lewis [30] .
This part of the evaluation comprised 11 questions and used two sub-scales. Seven closed questions, each conforming to a Likert scale, were used to enable each evaluator to comment on ASRMT's stability and their learning experience (the first sub-scale). Two further closed questions conforming to a Likert scale and two open-ended questions were used in order to assess ASRMT's likely usefulness, to determine whether ASRMT addressed the stated aims of the tool, and to solicit overall impressions and recommendations for improvement (the second sub-scale).
The possible answers to the questions conforming to a Likert scale were on discrete bi-polar continua and included strongly agree, agree, disagree, and strongly disagree options. They were linearly scaled from one to four (where a strongly agree choice was represented by one and four represented strongly disagree), offering respondents no neutral choice such as neither agree nor disagree. This approach was deliberately selected to force respondents to express an opinion. While there may be threats to reliability for evaluations employing such an approach, given that the targeted evaluators were domain experts we believe this to be a minimal threat [31] .
Given the scale of the ASRMT assessment at just seven evaluators, responses to closed questions were aggregated to determine the number that favored a particular choice -strongly agree and agree were taken to be positive responses, while strongly disagree and disagree were aggregated as negative responses. Open-ended responses were analyzed using basic content analysis and the responses summarized.
Figure 1. Personality assessment summary screen
All seven evaluators completed the assessment exercise in full. Respondents felt that the concept of supporting team composition informed by personality assessment was a good one, lending informal but encouraging general support for the intended functionality. Six of the evaluators thought that the ASRMT components were easy to use. Of the seven respondents, three reported one or two bugs whilst using ASRMT. All respondents reported that they were able to successfully complete the various scenarios, including the completion of the personality assessment survey in the roles of developer team member and customer team member, and the reporting of the survey summary in the role of project manager. It was also the opinion of all seven evaluators that ASRMT was easy to learn to use.
Five of the seven evaluators reported that ASRMT was simple and satisfying to use, while four believed that ASRMT would be useful if used in live projects. The three respondents who did not agree that ASRMT would be useful if used in live projects felt that the tool needed usability improvement before it would be suitable for implementation in live settings. All of the respondents believed, however, that ASRMT offered functionality to address the features in keeping with its purpose. In terms of evaluators' overall impressions of the tool, all believed that providing a degree of automated support for personnel capability management in a process tool would deliver benefits to project management. Regarding the tool's ease of use, five evaluators believed that ASRMT's simplicity and ease of use would enhance project management.
Among the recommendations for improvement, two respondents suggested that alternative personality assessment instruments should be investigated. They also suggested that perhaps recommendations could be made (semi-)automatically regarding the roles individuals would be most suited to in a project team, based on the analyses. While we can see the appeal of such assistance this would be a step too far for the current tool in that such recommendations may not take into account the specific characteristics of a project, characteristics that would likely influence role assignments. That said, if the tool were augmented to collect data on these characteristics e.g. project novelty, client maturity, utilization of new technologies, then some form of role recommendation functionality could be possible. For example, on a particularly novel project it may be advisable to load the team with more creative developers than those who rely on structure and consistency in approach. Finally, five evaluators believed that a few of the tool's user interfaces could be improved; and one respondent suggested that the performance of ASRMT would need enhancement if it were to be utilized in large projects.
Conclusions
We set out to consider the potential impact of personality incompatibilities on software development projects, specifically agile developments in which team cohesion is crucial. It was evident in the relevant literature, derived from the fields of psychology and management as well as from software engineering, that such issues have the potential to derail a project or to challenge it significantly, whether through risk of schedule overrun, reduced productivity and the like. We also found that several project management tools did not consider such risks, tending instead to focus on the handling of projects' technical challenges.
We therefore built a prototype software tool component that we believed might assist software project managers directly, and entire teams indirectly, by providing lightweight support for personality assessment. The tool has been evaluated positively by a small number of agile software development practitioners, with strong support shown for the idea of part-automated personality assessment, although some enhancements and further work are required. To that end we are considering other personality assessment instruments and also looking at enhancing the functionality of the tool in terms of perhaps recommending particular role allocations and team structures, taking into account both aspects of team members' personalities and project characteristics. It is then our intent to have the tool used in live project settings and evaluated more extensively, incorporating the views not only of developers but also user and customer representatives as well as project/portfolio managers.
